The flowering of 28 forb species at two locations was correlated with grasshopper development in 1977 and 1978. Indicator plants whose flowering phenologv was associated with grasshopper hatching included: Zygadenus elegans,
cut for control of the alfalfa weevil (Hyperapostica), and to
Plant growth and development on the northern Great Plains is governed by environmental variables such as soil temperature, determine the best time to begin spring grazing on native air temperature (heat accumulation), soil fertility, soil moisture, and photoperiod.
In addition, site rangeland.
characteristics, such as slope and exposure, may affect growth and time of flowering of some species of prairie This paper reports on another use of plant phenology plants. Grasshopper hatching and development too are regulated to a large extent by environmental factors. Thus soil temperature and moisture appear to influence grasshopper hatching; air temperature (heat accumulation) has great influence on the rate of grasshopper development (Hewitt 1978 , Parker 1930 ; cool rainy weather prolongs grasshopper development; and hot dry weather causes a reduction in duration of nymphal stages. Thus both plant and grasshopper phenology are regulated to a large degree by seasonal weather patterns in the grasshopper ecosystem. Phenological observations have been applied to agriculture for a variety of purposes (Hyder and Sneva 1955; Caprio 1966) : to aid in selecting crops for specific locations, to determine the best time to spray herbicides on big sagebrush (Artemisia tridentata), to determine when alfalfa should be mixed prairie of Montana.
Methods and Procedures
Seven observation sites, numbered I through 7, were originally chosen to record plant and grasshopper development; however only two sites, numbers 6 and 7, are reported on since grasshoppers didn't develop in significant numbers on five of the sites. Site #6 (elevation-l,058 m) was located 40 km N. of Billings, Mont. The observation area was about 0.5 ha in size and sloped gently to the east. The most abundant plant species were needleandthread (Stipa comata) and western wheatgrass (Agropyron smithii 
Results and Discussion
the forbs flowered in May and June during the nymphal
The flowering time was recorded for 28 species of forbs, Table 1 , only 10 of which were common to both sites. Some forbs such as Phlox hoodii, Lomatium spp., and dandelion period of grasshopper development.
Hatching began at both site A and two at site B. In 1978, four plant species were in bloom at site A when hatching began and 11 at site B.
Fourteen indicator plants, that is, those whose flowering coincides with the time of grasshopper hatching or the recommended time of control, were selected on the basis of three criteria:
(1) they were abundant and widespread throughout the mixed prairie of Montana; (2) at least some species were familiar to ranchers, extension personnel, and land managers who make decisions about grasshopper control; and (3) flowering during both years at each site JOURNAL OF RANGE MANAGEMENT 33(4), July 1980 Economically damaging grasshopper populations should be controlled before many of the insects develop beyond the 3rd instar because the last two nymphal instars (4th and 5th) and the adult stage cause the most forage loss. On that basis, the ideal time to apply control was estimated as June 1 at site A and June 7 at site B in 1977 and June 20 at both sites in 1978 (Fig. 1) . (On these dates most grasshoppers were in the 3rd instar.) The reason for the late date in 1978 at site B was the late hatching of Melanoplus ssp. and Ageneotettix deorum. The ideal control time may be difficult to determine in some years because of extended hatching that results from local weather patterns.
Indicator plants associated with the ideal time for control were:
1.
2.
3.
4.

5.
Yucca (Yucca glauca). This plant was in the prebloom stage. Prairie sunflower (Helianthus petiolaris) and plains pricklypear (Opuntiapolyacantha).
These plants were just beginning to bloom. Scarlet globemallow (Sphaeralcea coccinea), low pussytoes (Antennaria dimorpha), and salsify (Tragopogon dubius). These plants were in peak bloom. Miners candle (Cryptanthe celosioides), onion, and low larkspur. These plants were in the last stages of bloom. Mountain death camas and plains wallflower. These were mostly through flowering.
The flowering of the indicator plants should be useful in estimating the best time to control grasshoppers because many people overlook young nymphal grasshoppers.
As a reuslt, considerable damage can take place before arrangements for control are made. However, different people might observe and record plant flowering differently. Also flowering dates might vary for the same species if many plants (with greater genetic variability) are observed at one site and only a few plants are present at another site. Too, plants on a north facing slope may flower later than those on an east facing slope (Jackson 1966) , and some plants show greater variability in the time of flowering and may be governed by length of daylight (Leopold and Jones 1947) . Nevertheless, the indicator plants selected in this study appeared to be fairly consistent in their flowering times at both locations during both years. Therefore, one plant or a 6 (1977 6 ( ) --a= SITE 7 (1977 
